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methodAbstract The trust crisis in health care demands action by health care professionals. Trust is based on
quality, candor, and accountability. The pediatric surgeon, as the expert in the field, should be in control
of quality management. By improving quality, the trust in the health care system can be restored.
Quality is defined as being on target with minimal variation. To assess these targets, performance
indicators have been developed by the Association of Pediatric Surgeons in The Netherlands for 7
neonatal conditions. Variation can be distinguished as special-cause and common-cause variation using
the control chart method of Walter Shewhart. The various activities in this field that have been
developed and are ongoing in The Netherlands are presented.
© 2011 Elsevier Inc. Open access under the Elsevier OA license.Thank you for the invitation to address this meeting. Since on 3 factors: quality, candor, and accountability [1]. These
my early childhood Canada has had a special meaning.
Although I was born after World War II, it has been always
been emphasized to me that Canadian soldiers had made
great sacrifices to liberate The Netherlands from the German
occupation. Our royal family enjoyed hospitality and safety
during the war. After World War II, many Dutch people
immigrated to Canada. Among them were 2 uncles of mine
who took up farming, with great success. Canada thus
became for me, if not the promised land, certainly a country
of great potential.1. The trust crisis
Trust, not money, is what makes the world go round.
Trust is the cement that keeps society together. Trust is based☆ Presented at the 42nd Annual CAPS Meeting, Saskatoon, Saskatch-
wan, 25 September 2010.
⁎ Tel.: +31 20 566 5693; fax: +31 20 566 9287.
E-mail address: h.a.heij@amc.uva.nl.
022-3468 © 2011 Elsevier Inc.
oi:10.1016/j.jpedsurg.2011.02.005
Open access under the Elsevier OA license.3 factors are not entirely independent. Candor and
accountability enable the public (patients, consumers) to
assess quality, provided that the parameters are representa-
tive. If these parameters, or performance indicators (PIs), are
chosen poorly, they may give the wrong impression, an issue
we will come to later.
However, we are dealing with a trust crisis. Many of
our traditional institutions, including the church, are not
trusted by the public. Similarly, in health care, trust is
waning and we can speak of a crisis. The explanations for
this trust crisis in health care are multiple. On one hand,
the public is aware of the risks that are inherent to the
health care process. In comparison to commercial large-jet
aviation, which is considered ultra safe, medical risk is
estimated to be 100 times higher [2].
1.1. Paradigm shift
In addition to that, there is a paradigm shift in
health care [3]. In the past, patients trusted their
caregivers because their dedication and status instilled
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much less able to achieve the results of today's
medicine, they had a towering social status attributed
to them by society. One might say that the input of the
doctors in the past was considered much more
important than their output.
Modern society has not only liberated us from this social
status but also changed its view on our activities. No longer
is our input (many years of training, long working hours,
tireless dedication, etc) the yardstick by which we are
measured by the public, but the output that we deliver,
sometimes called “the product.”2. Three questions regarding quality
As we have seen, trust is based on quality, candor, and
accountability. Regarding “quality,” we need to find the
answers to 3 questions:
1. What is quality and how can we recognize it?
2. How can we assess or measure quality?
3. How can we control and improve quality (in pediatric
surgery)?2.1. What is quality and how can we recognize it?
We all agree that Rembrandt's Night Watch is a good
example of quality that we all recognize, but at the same time
it is so exceptional that we cannot simply apply this
experience to quality in health care. There are different
perceptions of quality, depending whether you are a
spectator, artist, museum director, or janitor.
Similarly, in health care, the perceptions of quality differ:
patients (and doctors) are concerned with effectiveness of
the treatment, with continuity of the care, as well as
dedication and long-term outcome. Health institutions,
insurance companies, and governments are primarily con-
cerned with efficiency and productivity. There is a spectrum
from the individual to the society, from effectiveness, via
safety, to efficiency. At different levels, all of these
individuals or organizations have their own stake in the
quality process and we have to acknowledge these stakes in
the management of quality.
For the purpose of this lecture, I propose to use the
following as operational definition of quality: “To be on
target with minimal variation” [4]. The targets will be
defined according to the expectations at the various
levels in the organization. We, as medical practitioners,
are primarily interested in the outcomes of our actions,
and we assume that our patients have parallel interests,
such as
• mortality and morbidity (complications) of operations
• functional results, specific for a diagnostic category, eg,○ continence in patients with anorectal malformations
○ swallowing in patients with esophageal atresia
(tetralogy of Fallot)
○ long-term survival with adequate renal function in
patients with nephroblastoma
○ liver function in biliary atresia.
Targets can be set for each of these parameters, eg,
less than 1% mortality within 30 days of tetralogy of
Fallot surgery, and these standards can be based on the
literature (evidence based) or on common sense. The
functional results have to be extended into the long-term:
how are these patients growing up? How do they function
as adults? What is their quality of life? We will call these
parameters performance indicators of outcome. By
naming these targets, we have moved to answering the
second question.2.2. How can we measure or assess quality?
In pediatric surgery in particular, many of the relevant
outcomes are long-term results and it takes many years to
collect the data. Therefore, some surrogate parameters have
been introduced. The boards of directors, health insurers,
policy makers, and governments are often more interested
in the short-term and have a keen interest in the structure
of care, how processes are organized, which protocols exist
and whether they are applied, the level of training needed,
and the facilities required. Also, volume is increasingly
seen as a relevant parameter, an issue that we will address
later on.
These parameters are called PIs of structure or process.
I am fully aware that this is not new to members of the
Canadian Association of Paediatric Surgeons as you have
introduced these many years ago for neonatal conditions,
like gastroschisis and congenital diaphragmatic hernia [5].
In some way, I am bringing owls to Athens.
Performance indicators are subject to bias and may
lead to corruption. This may not be necessarily
intentional, but nevertheless disturbing and counterpro-
ductive. An example from The Netherlands: the national
Health Care Inspectorate, a governmental body, decided
to use the length of stay after appendectomy in children
as a PI. As a tertiary-level pediatric surgical center in a
university hospital, our unit receives younger and more
severely ill children with perforated appendicitis and,
therefore, our length of stay would be higher than in a
community hospital. It took some time before we could
convince the administrators of the hospital of this fact.
Our proposal to use the rate of negative appendectomies
as a PI, as it represents the quality of the diagnostic
process and discourages low-threshold surgery, has been
declined until now.
This example emphasizes the need for professionals to
develop their own PIs. That is the process the Association
Table 1 Performance indicators for neonatal diagnoses
introduced in The Netherlands
Diagnosis Process/structure
indicator
Outcome indicator
Anorectal
malformations
Screening-associated
anomalies
Wound infection
Defecation problems
Gastroschisis Duration to full
enteral feeding
Death
Number of patients
with central venous
catheter sepsis
Omphalocele No. of reoperations
to closure
Consultation with
a geneticist
Duration in hospital
b5 y of age
Coronary heat
disease
Screening for brain
damage at 1 y
Recurrent hernia
Death
Death without
extracorporeal
membrane oxygenation
Biliary atresia Age at Kasai
operation
Death with native liver
Screening according
to protocol at age 1 y
Normal bilirubin at
6 mo
Esophageal
atresia
Ultrasound screening
of kidneys
Anastomotic leak
Anastomotic stricture
Hirschsprung's
disease
One-stage operation Enterocolitis
No. of unplanned
reoperations
Defecation problems
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on some years ago. The Netherlands has a population of
16.5 million, half of the Canadian population, but your
country is 200 times as big in terms of surface area.
Annually, more than 180,000 children are born. All
specific pediatric surgery (like neonatal, oncology, trans-
plants, complex gastrointestinal surgery, and polytrauma)
is concentrated in 6 academic centers. The 2 universities in
Amsterdam cooperate in one pediatric surgical center, the
others are in Groningen, Maastricht, Nijmegen, Rotterdam,
and Utrecht. All pediatric surgeons are fully trained general
surgeons (6 years) with additional 2 years of training in
pediatric surgery. At this time, there are 28 fully trained
pediatric surgeons and 6 trainees.
About 10 years ago, the members of the association
decided to exchange their treatment protocols. The meetings
turned into lively discussions, for instance, about the need
for chest tubes after repair of esophageal atresia. Those
surgeons who grew up believing that disaster would follow
if the chest tube was omitted now heard from their
colleagues working at a distance of 40 km that chest
tubes were rarely necessary and that their patients actually
did better without. It was about the time that “evidence-
based medicine” was introduced in our country, after it had
been developed in yours. This stimulated us to amalgamate
our local guidelines for the diagnosis and treatment of 6
neonatal conditions—esophageal atresia, anorectal malfor-
mations, Hirschsprung's disease, gastroschisis, omphalo-
cele, congenital diaphragmatic hernia, and biliary atresia—
into national consensus-based guidelines. Checklists were
then designed for each of the 7 conditions, to record details
of the anomalies, the treatment, and the follow-up data. A
working party consisting of experts from each of the 6
centers was formed, which selected PIs for each condition
(Table 1).
The choice of these PIs was made on the basis of
common sense (in the absence of evidence) for the
correlation between any indicators in pediatric surgery
and the quality of care (our main issue). It is highly likely
that we have to change the set in the future, either because
of (new) evidence or because of the experience with these
indicators. Another aspect that we have not addressed thus
far is the perception of patients and their parents [6].
At present, we are implementing the digital recording of
these PIs. A web-based database has been designed, which
enables the pediatric surgeon to enter relevant data at every
computer terminal in the hospital, particularly in the
outpatient clinic. The data are then collected after which
each center will be able to measure its performance in
comparison to the other centers and to international data
derived from the literature. This project has been
subsidized by a grant from the National Association of
Medical Specialists. It has been our condition that the
results will belong to the association and the pediatric
surgical units. It will be at the discretion of the association
to make them public.2.3. How can we control and improve quality?
This brings us to the third question: now that we have
identified the tools to measure and assess quality, how can
we apply these for the improvement of quality? The
recording of PIs is not a goal but a means to an end: quality
improvement. In other words, data must lead to action.
We have operationally defined quality as “being on target
with minimal variation.” After selecting our targets by
identifying the PIs, the issue arises as to how to deal with
variation. There are 3 basic approaches to variation of quality:
1. Standards (but how is the standard defined?)
2. League tables: ranking of outcomes from high to low
(do not guarantee quality)
3. Hypothesis testing: data analyses with statistical
tests to detect significant differences (but it misses
the predictive value).
Another approach was advocated by physicist and
engineer Walter Shewhart [4]. Working at Bell Laboratories
in 1929, he devised a simple graphical method, the control
chart, to discriminate between 2 types of variations:
common-cause variation and special-cause variation. Com-
mon-cause variation occurs within 3 SD above and below the
Fig. 1 Mortality for b1-year olds after open heart surgery over 3
epochs in 12 UK-centres. Hospital 1 is Bristol Royal Infirmary.
Reproduced with kind permission from: Mohammed MA, Cheng
KK, Rouse A,Marshall T. Bristol, Shipman, and clinical governance:
Shewhart’s forgotten lessons. The Lancet 2001;357:463-7 [4].
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will illustrate this with an example from the article of
Mohammed et al. [4] in The Lancet to show how we can
draw relevant conclusions for these control charts.
Applying control charts to the UK Paediatric Cardiac
Surgical Register in relation to the Bristol heart surgery
tragedy clearly reveals the outliers during 3 epochs (Fig. 1).
In epoch 1, 9 of 11 hospitals had death rates within the
control limits (common-cause variation), but 2 hospitals
were outside these parameters: one above and one below.
This indicated a need for further analysis, eg, of data
collection, case mix, facilities, and quality of care. In epoch
2, hospital 11 had shown marked improvement, hospital 10
was now above the upper limit, and hospital 1 was near the
upper limit. In epoch 3, hospital 11 was still below, but
hospital 1 was now above the upper limit. This last center
was Bristol Royal Infirmary, where external action took
place in 1995. By that time, disasters had happened. Could
this have been detected earlier? In other words, is it possible
to recognize below-standard performance before it leads to
disasters? That should be the ultimate goal of quality
control. To answer this question, we have to examine the
data of another pediatric cardiac surgical institution.3. Trust is based not only on quality but also on
candor and accountability
In 1994, Marc de Leval [7], a heart surgeon at Great
Ormond Street Hospital in London, reported with great
candor on his experiences with arterial switch operations for
transposition of the great arteries. In his own words, “Initial
euphoria on having only one death in the first 52 patients
gave way to increasing concern when 7 out of the next 16
patients died.” De Leval [7] then visited centers with low
mortality and finally retrained with success, because after
patient 68 only 1 died. De Leval [7] used a method
comparable to Shewhart's control charts, the cumulative sum
procedure. His audit revealed, even before the clusters of
deaths occurred after patient 52, an increasing number of
near misses (Fig. 2). When transformed into cumulative sum
procedure graphs in which the near misses were included, the
alert line was crossed before the deaths occurred (Fig. 3). De
Leval [7] concluded that prospective monitoring was needed
for the early detection of problems. In a later address, de
Leval [7] drew parallels with crew resource management in
aviation, where 3 lines of defence are distinguished:
prevention, detection, and recovery (Fig. 4).
Continuous and prospective monitoring of performance
is the answer to quality control [8]. Atul Gawande [9], in his
book Better: A Surgeon's Notes on Performance, advocates
the development of the “science of performance.” This could
save more lives than bench science, research of the genome,
stem cell therapy, or cancer vaccines. He illustrates his
proposition with an example of breast cancer screening in
the United States. Over 5 years, only 1 of 7 women
Fig. 2 Cumulative failure. “Failure” as death or death/near miss. R indicates peritoneal dialysis; N, near miss; D, death. Reproduced with kind
permission from: de Leval MR, François K, Bull C, et al, analysis of a cluster of surgical failures. J Thorac Cardiovasc Surg 1994;107:914-24 [7].
Fig. 3 Cumulative failure rate with cumulative sum procedure boundaries. Alert lines correspond to 80% confidence; alarm lines, to 95%
confidence. A, Death: targets 2% and 5%. B, Death or near miss: targets 5% and 10%. Reproduced with kind permission from: de Leval MR,
François K, Bull C, et al, analysis of a cluster of surgical failures. J Thorac Cardiovasc Surg 1994;107:914-24 [7].
797The role of pediatric surgeons in quality control and improvement
Fig. 4 Cumulative failure rate; comparison of actual and predicted (from CHSS equation) number of deaths. GOS indicates Great
Ormond Street. Reproduced with kind permission from: de Leval MR, François K, Bull C, et al, analysis of a cluster of surgical failures.
J Thorac Cardiovasc Surg 1994;107:914-24 [7].
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15. The reasons quoted for this are discomfort, inconve-
nience, time, and cost. If ease and access were improved,
death rates from breast cancer could be reduced by one third.
4. Cycle of quality management
The continuing cycle of improvement is illustrated in the
following figure:
After the collection and analysis of data, the results will be
used to devise methods for improvement. These methods
have to be implemented, and to check the results, new data
must be collected and analyzed. In this way, a continuous
cycle is put into motion.
5. Implementation of quality improvement
5.1. What is happening in The Netherlands?
Several developments at the national level in The
Netherlands indicate that the time is ready for concentration
and centralization. I mention them briefly:
1. The Health Care Inspectorate has instructed hospitals
that perform fewer than 10 operations for pancreaticcancer per year to refer their patients to bigger centers
with a higher volume. This was based on statistics,
showing a higher mortality in low-volume centers.
2. The pediatric oncologists, with the support of the
parents' association, took the initiative to establish one
national pediatric oncology center, where all children
with malignant diseases will be treated.
3. The Netherlands' Federation of University Medical
Centers (NFU) induced the heads of the 8 academic
pediatric departments to discuss the centralization of
10 diagnostic groups. This resulted in a plan that
identifies 2 expert centers for the treatment of each of
the diagnostic groups and 2 other centers as shared
care institutions. It is anticipated that (eventually) the
other 4 centers that are not expert or shared care will
refer patients to the other centers, in exchange for
patients of the categories for which they are experts
or shared care.
Without going into the details or discussing the merits of
each initiative, I mention them here to place the de-
velopments in pediatric surgical care into perspective.
What do they tell us?
First, the relationship between volume and quality is
applied arbitrarily by external bodies to control surgical
practice. Why is the standard chosen at 10 and not at 20
Whipple operations? Therefore, if you let these external
bodies, like governmental departments or health insurance
companies, make the decisions, the outcome may be
unfavorable for the professionals. Third, the interests of
even our closest colleagues, the pediatricians, may not always
concur with ours.
In other words, if you are not at the table, you will be on
the menu.
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Surgeons in The Netherlands
Twenty years ago, the Health Council, the highest
advisory board to the Ministry of Health, advocated the
concentration of specific pediatric surgery in 6 centers in
The Netherlands. It advised these centers to aim for further
concentration in the near future. Two years ago, this advice
was taken seriously by our association. The heads of the 6
units have since had several meetings to discuss ways of
concentration. It was concluded that the clustering of
centers would most likely lead to the desired outcome. Two
clusters of 3 centers each, e.g., a west and an east cluster,
could serve this purpose. Another example is the
development of PIs, which I mentioned earlier. Finally,
evidence-based guidelines have been developed, mainly in
general surgery, but with pediatric surgical involvement,
particularly on inguinal hernia and appendicitis.5.3. At the individual level
Recently, the curriculum for training in general and
pediatric surgery has been revised by the Association of
Surgeons in The Netherlands. Training will be competence
based (another Canadian achievement), with specific
learning goals and assessment schedules. This new
curriculum will also have an impact on the training of
pediatric surgeons.
The examination of the European Board of Paediatric
Surgery (EBPS) has been adopted as our exit exam.
Postgraduate training of pediatric surgeons needs more
attention. As illustrated by the example of Marc De Leval
[7], practice alone does not make perfect. K. Anders
Ericsson [10], a psychologist at Florida State University,
stated that it takes about 10,000 hours of practice to
become proficient in sports and music. His axiom states
that experts are not born, but can be made by “deliberate
practice and coaching.” Preset training goals are important
to maintain continuous improvement. Otherwise, the
performer will remain at a plateau. Transposed to surgery,
Ericsson [10] recognizes the importance of volume
(numbers) but emphasizes the need to engage in deliberate
practice. Unlike musicians, surgeons cannot repeat a
challenging part of an operation several times in real
life. Therefore, simulators are required, with video
recording that can be analyzed retrospectively, so that
specific aspects can be addressed and trained. Also,
simulation can prepare surgeons for emergency situations,
a practice that is standard in aviation. Atul Gawande [11],
whom I quoted earlier, describes in his most recent book
The Checklist Manifesto: How to Get Things Right how
US Airways captain Chesley Sullenberger landed his
Airbus A320 on the Hudson River after both engines had
been damaged by birds. Aviation pilots not only check the
safety of the aircraft before taking off, but also, and moreimportantly, have emergency scenarios in the cockpit, with
instructions on how to deal with them. These scenarios are
based on extensive debriefings of many near-misses.
Although there was no ready recipe for this specific
disaster, it certainly helped Sullenberger to accomplish this
miraculous feat.6. Conclusion
Indeed, noblesse oblige, the pediatric surgeon not only
has the key to quality control and improvement, but also
should make pro-active use of it. If we claim to be the
experts in the diagnosis and treatment of children with
surgical problems, then we have the obligation and
responsibility to develop and direct our own process of
quality control. This process consists of several steps:
data collection, followed by designing measures to assess
quality, the so-called performance indicators. These
indicators are then used to compare units or individual
professionals to discover special-cause variation. The
units or individuals below the line are urged either to
improve their performance by retraining, purchasing
equipment, and implementing organizational changes or,
if everything else fails, to abandon this practice. Units
that perform above the line have to be analyzed to detect
characteristics that can be used to improve other units.
One way of improving quality is to increase volumes,
which can be achieved by concentration and centraliza-
tion, so that fewer pediatric surgeons are involved in
more cases of a certain type. Inevitably, this will lead to
the differentiation of pediatric surgical practice, which can
only be implemented in larger groups of surgeons. In this
way, we have closed the circle: concentration by enabling
differentiation will lead to increased volumes and
therefore improved quality.Acknowledgments
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